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LABOATO1Y INFECT IONS

2D Aerztioha Laboratrim Joachim Albreoht
(The-Medioal Laboratory)
Vol 11; No 8, Giessen, May
1965t pages 183-14S.

During their stay and their work in medical-biologioi. laboi4-
tories people can baoome infected. A laboratory infeotion'is tho
invasion of the human organism by disease agents worked with for 4.i.
noatic or research purnosoa or occurring in the laboritory for el,her.
reasons. In the folloing they will be ovled in short "laboratory
germs." The oonsequ~nao of a laboratory Infection need not always be
observable disease symptoms. So-called silent infeotions also mai, turn
out to be of importance. As an examplo, fetal damage following a
clinically not obeorvatle Intection with toxoplasma may be quoted '(8).

With the advances ot aciunce and tohnology, laboratory exali-
nations are extended to an inrosing. number of diqaose agents. Like-
via*, the work methods to which the Cona are subjected inoreao in
number and complexity. As a consoquen~g. there will be more and more
infection& of persounel. iU.-nhe follo ih, 'we"report on the causo and
frequency of laboratory infectIuhaand on meas9iroa for the protection
nt personnel. Other injuries which may be experienced by persons vork-
ing in the laboratury (snoh as surgical injuries, burns, intoxications)
arO not diuotuaedhere.

S ) '~..

One of the sources of infection in the laboratory uro rtirioiully
or naturally infected laboratory animals, An example is the ticuiumiaicii:
of animal fungus dieases of the akin to the attendants. Likowiau, in-
footions tram man to man must be considered as laboratory inr'octionc if

-1.

I',



the infoction occurred during stay in the laboratory and the infocting
nornon had bean infd&aoe with 1Ah, .n' tv qrA ma. .U-,ra f.,I s, r
ectiona occur if disease agent get out of control during labcratory

procedures. Happenings of this kind can be divided into two groupa.
.ocidouts s al work techuiques which are generally considered as harm-
less and not auspicious. Table 1 lists the most o6mmon accident-type
occurrenoe# by which disease agents can be transmitted to the labort.-
tory rereonnel. They are mainly a consequence of lack of attention
and of caution by the porsonnei. Furthermore, faulty material and
other, unpredictable happenings play a part in their develhpment. The
connoction between the cause and the infoction is mostly - but dofinite-
ly not always - easily recognizmble, so that an expert opinion on such
oaea can be arrived at with little difficulty. According to loclum (29),
betweer 14 and 35% of laborato:.'y infections in the U.S.A. could bo re-
It.ted to recoaizable, accident-typo occurrences.

* Table 1. Laboratory Infections by Accident-type Occurrences

ource of gm Aecident
(-inteotous material).

•''Container ($.go.flasks; 11 01ropt U~uohiug of the material,

Pebr, dishe , ,st8 Brating of container (b hitting and...tubes, *to,) "the like), possibly With Injury,
i. \'8) Spilling of material (by pouring Into

,,,,_____anoth r voul tionution and the
,'4) Breakage in the centrifuge

culture . Breakag.e ooeted 420a$
.. a s) pilling of infectious material (e~g.

', .. .... during inoculation)rInjection syringes 1) Injury by needle,
a spilling of infectious matorial (Og

in removing air from the syringe, byosmi ng ofof the o )

Pipette 1) Sucking in,
B) spilling of infectious material

Experimental animals 1) Injury by bitingi or scratching,
-(infected naturally or ) Touching (of the animals, the oadayors,
artificially) autopsy materiAl, exoreta)

The question remains of the sources of infection for those diw-
eames for which a causative ocourronce is not easily found. Some oasoi
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go back to the fact that porsons. without natlonii 4t.; ,e h ,ph ̂i.1
contact in the laboratory with germ-containing material which "as
spille inadvertently and unobsorvedly, perhaps in inoculation of ' . .i

:1 qM.9.umrea from- one.modia to the other, -X(t &s.-i1llpir"oflaboratory
infectiens ,anbe tosood to work procedure. qf which firmt Johansson .* -
ad I rri. (11)and later other researchers (4, 14, 17, 10, 81,

84, v) ishowed that they permit the mioroorgininsito escape wi-A
checked ibtl"the aurroundings. Liquids scatter ams spray if they arc
suddenly braked, e.g. by hitting an obstacles whereby the liquid
particles fonood are the smaller, the quicker the procedure is (2).
An can be moem from Table2, 'it is mainly routine, everyday laboratory
procedurou which, by this mechanism, may rosult in a spray or aerosol
which, dnpmiod,2g on circumatanoes, may contain germs* This way, not
only thu workii p'aoe itself, but also the other surfaces and the air
in the laboratory and in the adjoining rooms become infected. The per-
sonnel is the mwre endangered because these actions are throughout con- .

sidered as inootous, a.M the scattering of germs occurs unnoticed and
remains unrecogtised. Also accidenat-type happening, e., the bursting .=
at a culture cotainer, often resul, in the development of a Serm hare-
mol and thereby ,an cause an aerogenous infection of the personnel. ...

Table 8. Laboratory Infections by Routine Work Prooedures

Procedures (wiUh in- Cause of dispersal of disease agots
factious matern.als) (mostly as spray or aerosol)

Centrifuging 1) Rim of centrfuge tube infectod,
8 Breakage of tube in the centrifuge,

Opening of the tube after centrifuging,
4 Decanting of centrifuged liquid.

Ihakingo mixing, stirring, 1) Worcing with uncovered vessels,
homogenizing . Removal of ooverm after shaking, etc.

Pestl ng 1) Work with germ cultures, infectious
organ prts, and the like without pro-
tective device

Pipetting 1) Blowing out the pipette, .
28 Quick movomont, hitting, dripping,
__ Intransal infeion of animals

Handling of smear loops 1) Spread by rubbing, skimming oft,
knocking off,

2 Quick movement through the air,
Touching of hot loop with infectious
matorial,

4). lngeinr,_ annoyl n ...

____ ____ ___ ____ ___ ____ 4,

0 -- ~- 3 .. .. i I I II I I II I II .. .. . . .. ..
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Table 2 (continued)

Procedures (with in- Cause of dispersal of disease agents
fe.:tious materials) (mostly as spray or aerosol)

Handling infectious 1) Removal of superfluous liquid or
syringes air,

2) Pulling out of needle from rub5c.-
stoppers,

3) Inoculation of experimental ani.z

Freeze-drying 1) Filter of vacuum pump inade-:_-. ,
2) Opening of vessels with lyophi. cult.

Types of Germs

All kinds of germs are capable of causing infections of labora-
tory personnel. What diseases occur, depends in the first place on the
type and performance of the studies and on the infectiousness of the
germs. Among the notified occupational diseases of the laboratory per-
sonnel, tuberculosis, brucellosis, hepatitis, and infectious intestinal
diseases are the most common ones (9, 21, 24, 29). Diagnostic tests
with the causative agents of these diseases are performed in many
laboratories. There where experiments with rickettsia, with smallpox
and virusses of the arbo group, with tularemia bacteria or toxoplazma
are undertaken, diseases from these agents are relatively common because
of their high infectiousness. In special laboratories, unusual diseases
occur among the personnel, caused e.a. by the monkey-B-virus (15) or
the salivary gland virus of bats (22 . The implementing regulation to
the 6th decree on occupational diseases mentions, as No. 37, infectious
diseases. In the pertinent memorandum (6) many communicable diseases
are listed, which fact may result in the misunderstanding that only
these may be considered as occupational disea:es. However, a large
number of lLboratory infections have been desc 'ibed (e.g. histoplas-
mosis, coccidioidomycosis, infections with adeno-, echo-, Nevcast!.
disease virusses) which are not nomed in the list. It seems therefore
to be advisable to dispense in that paper with individual citation of
all those diseaso agents which can be transmitted to man in an e-::posed
occupation. Instead of that, it would be sufficient to point out the
multiplicity of infectious diseases.

Tranpsmission

in the laboratory, just as in nature, diseaze agents r e trnz..-
mittd to man by various routes: by mcans of vehicles, by vector.,
contact, and by air. Of importance in the laboratory are the two I..-
named types Q2 transmission (14, 21, 24). With accident-type occur..... .
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(see Table 1), contamination takes place preponderantly 
by dircc*.

indirect contact. So far, the aerogenous route of infection, by

which - as Wedum (27) reports - approximately 65% of all laborato.-"

infections are transmitted, has been paid little attention. 
Acco;:-ng

to Sulkin (21), most laboratory infections which cannot 
be traced "o

technical mistakes or accidents, can be related to inhaling of 
inZ.ccti-

ous material. The devulopment of infection in the host organi:. 1 .er

aerogenous transmission depends on many factors; particularly to

mentioned are particle size, and type and number of germs (12, K.

,ile larger particles, after inhalation, are stopped. in ..

upper air paz5, particles of less than 5 microns also get - .hf-

lower parts oi' th respiratory tract. In the laborLtory there ..'

germ-containing floating particles of both size ranges. Many .

agents attach theiselves to the upper air passages and start . " .-oase

from here, e.g. diphtheria, whooping cough, measles, influenza, -

respiratory streptococcus infections. These diseases are the cu.':e

mainly transmitted by droplet spray. In order to cause an ie on,

bther germs must be enabled to settle down in those parts of tlu respir-

atory organs which are not any more protected by ciliated epi i'ra.

Therefore, the causative"agents of pulmonary tuberculosis, .

mycoses, ornithosis, and 2-fever, are transmissible only in lh' .'rz
of smallest floating particles.

In technical plant- where rerm-containing aerosols arec:

people can inhale also :uch disease acg!nts the mode of infecto.: of

which under natural conditions is rarely or never aerogenoun.
example is brucellosis among workers in food factories. The .1 C:
are exposed to a br.cc=La-containing aerosol which is produced
machines cutting up the meat. Also in the laboratory, aerogenou..
infections with the bacteria of brucellosis, tularemia, and gla ....,
with typhus rickCettsiae, ,ith the viru:;es of yello-w fever and ceKnali-
tis, and even with the agents of l)ynphogranuloma havt' been ob-:erved.
Not excluded are diseases after inhalation of hepatitis, chorioneni:-
gitis and polio-yelitis viruses, of typhoid bacteria, of leptos)ira .na

toxoplasma. This way, unu.-:ua and new type-s of diseases can develop,
the reco-nition and treataent o-i.hich is tr, ade difficult (21).

Az studies with tuber-ulosis bac:teria and the .-ents of tul:are=ia
and O-f'ever have shown (13, 16. 25, 2b), evon few; of these germs, after
inihalatic- and deposition in the lower air . are capable of
p-oducing disease in man ani nimal. Therefore, in order that a

laboratory infection should start, a mussive dispersion of germs an-k
infection of the respiratory air is by no means necessary.

;ot iazrequen~ly the opinion is eoz. res:ed that stay ard "or: in
..L .. [-iogo1cal laboratories is dangerous only to a small tc:.
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(5, 10, 32). The mentioned reason for that is that the sources of
danger are known and, with correct procedure, the germs can be kept
under control, that the personnel know how to protect themselves, and
that infections could occur only by a coincidence of unfortunate cir-
cumstances. For that re..son, the infection risk of nursing personnel
in infectious wards is said to be considerably higher than that of
laboratory personnel.

The basis for such assertions is often material from ccc :
statistic. (5, 10). But then it-is not taken into account th a. zo-
lute figures do not permit any statements on disease incidence. .1Zo
the figure 2,34 laboratory infections including 107 fataiz=, main-
ly from tX, u.u.A., vhich Sulkin (21) has reported, does not c ° ay
information o. ihe infection quota in microbiological laborato....
Henze (9) in Berlin and Reid (18) in England have related the ruLr of
disease cases to the number of employed, and to the number of &
cases in socially comparable occupational groups, respectiveiy. o3th
authors came to the conclusion that in any case within the e.__.od
group of persons the technical laboratory workers were in rel"t ly
great danger of laboratory infections.

The common underostimation of the frequency of labora.%,;-y &-foc-
tions is based mainly on the lack of knov'cdige of the develor_.t- of
infectious aerosol, in the laboratory. Because it is of-.en .: , that,
under usu"l work conditions, an uncontrolled escape of diseas ,;r z
cannot alay be avoided, some disease cases are considered by t.o
pationtz as vell as by the experts as acquired outside of the occt;..~ion.In fact, the infection occurred in the laioratory; it was only no, ,
sible to prove the happening which triggered it. At times, we are Li.o
d :.,in, with clinically slight or even not noticeable infections ihih
do not, or only for a short time, result in incapacitation for work and
vhica therefore do not show up in statistics.

Prot~ctive -~sure

Protection of the personnel from laboratory infections includcz
the prevention of contamination as well as zocial security mea~uru4 'or
the diseased.

:casu:*v for the prevention of infection are not very vell I. ud .
They do not show quick and inpressive succezses. Instead of that, ,
sees clearly their disadvantages in the fot:. of increased fin~ncial
burdens for the people in charge of the laboratories, an" of incrc:;.:;_
difficulty of work for the percnuel. It i: thcrkforc iL.ort:. t to 4_.-
vince ull concerned of the neCessity and urrjcncy of :rotcct.ve nCau'c.,

hich cti be achieved best by an obj,:.ctive stud-y and discu. ion of
Ln;.'rs o' infection. Success or failure of all uan;ure!; d -. '... Ir

Ou toe attitude, frarnness, and efficiency of the le:.ding .rr .......
iabor;!tory.



., a i vdii~ lyF the prophyiaoto maanures extand tn h.

A.... Zn the building plan and tochnical equliuin. ato t&-eStolek an-thtigoniofl d4eov /Qt %he laboratory..apparatus, he moderp . V.knowltdge of t', asloi#Aon of infeotious erm shou'l be taken i:.,o -oonsordezation (17 10, go 8,

1 Likeviae the worL methoda and prooodurea are to bo seoldtedIn 2Uch a way that aooidents are redu ed to a minimum and an awoon-tollod Oriaro of laboratory germsa i avoided as far as posile (7, 11,19, go, 28). ,io.h onsoa of the disease agents present a partIcu)r
aorogonoua tCo tbo personnel, so that work with them mud. i per-
f'orizod Ir i' ii-oculation ohoubor, is ahown in Tab).o 3.

8. Preventive a4d diagnostlo examinationa as well as inooult-./on, of the personnel are to be determined and performod, thair kindand timely Arra ngswonta depending an the tiold of works
4, The scoident regulations valid in the Pedorl -Republio (a)

are outdated, They are in Aeed o being eupplemonod and expanded,partioularly In view of the dsngor of inoton by aerools, X% is tobe recommended to Incorporate the 14, iperating Instrustiona for labor&%-tory person el whioh Wedum () has setabliahed in th'proteottv' regu.lations mad to make them known to the personnel by di In te romsof the laborator7.

. In the courses ot study for aoademia and technical, laborato yperaonne,1 more mhould be taught about kinds and prevention of labors-tory inteotiona than has been done so tar.

Table 8. Prevention of Aerogenous Laborotory Infections
(after Wedum, ga)

Laboratory work in the
Inoculation chamber

Tuberoulosis bacteria
Druoeelosai baoteria
Olanders bacteria
Pfoudo-glandors bacteria unoonditiono!lly neesaryenephol irisVirus ot RusIan aprng.gumer
CU:'t valley 'rus
ca~idioidcu'

Ricketsae (typhus, Q-fever, etc.)Or:.ithoa virus urintly to be r

I 

p/

!' 
'
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Table 3 (ContinueO~.

Agent Laboratory work in Ct.:
I inoculation chamber

Viruses of the arbo group ugnl ob eo :.,oOther encenhalitis virusesuretyobeecmed
Tularemia bacteria

t o the 6th decree on occupational diseases v"'4c- iz
in force, iLfect-ous diseases are recognized as occupational. L.L.ae

if they occur inu persons who are exposed to a considerably iJ,.,.-;.,..;ed
da~ger of infection, as, e.g., those working in laboratories c: icn-
iific and medical examinations and experiments (6).. It may Lc;~
cult for the expert to delimit whether an infectious disease . td
within, or in a natural way outside of, the plant presenting ... r
If he undere timates the occupational risk in the laboratory, .. v -.:ill
be inclined to assume the probability of an extra-occupation.. .nl~c-

*tion if he cannot find an accidental occurrence in the labor~.toi-y. ii...
such a way of thinking is not correct, is clear from the above c~iscus-
sions. On the contrary, in cases or diseases which are or cna be caused
by germs occurring in the laboratory, a casual relationship betv~een
professional work, damaging influence, and disease should Pal.,y.; be
arsumed even if an accident-type occurrence cannot be., ascerta'.-. d (W.
1: at the san~e time there is an extra-professional source of 4L .Zetcdon,
taeO infection risk must be weighed. W~ith Wcdumn(s mo h pno
that every disease of a person exposed in a laboratory is to be con-
sidered as occupational as long as the opposite cannot be proved±.
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